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‘J’llin films of gold and ]Ilatinuln  }Iavc lmn deposited onto supm-polishd  fud silica
sul)stratcs  using{ thcrma] evaporation, ion  assistd deposition (1 Al )), sputtmwing  and ic)n
assistd sputtuing, ‘J’he influence  c)f ion ham flux, coatins  material and dc]mitiwl  rat.c o]l-
thc films l]licrorc)l]fill]l(:ss  have bcc?ll il-]vcstif::itc!cl. Coatings of golcl al]d  ]Jlatil]um have  bum
lmmardd with low mcrgy (1 ()-20 cV) Ar io~~s  from a]l dcctron  cyclotron resonancw  (1’;(:1{)
ion  source  during  dcpositio]], LSllort  range surface ln]crorougl]ncss  of coated  surfaccx  has
been mamind  using scanninc tunnel ing  microscopy (S’J’M) and atomic  form microscc)py
(Al~M), whi le  lol)g  range surface  microrougll]~css  has tmcn  charactcrizd using a]] angle”
rwmlvod optical scattmwmctm. l{csults  indicate that l)O1lll~:t]’(lll~c:llt.  with low energy  ions
causes significa]lt  rduction  in microrc)ugl]ness  of Ineta] cmating:s.

2. lN’J’l{ol) lJ(:’J’l(lN

Metal coatir]gs  are widdy used as wide- l )and reflw%ors for Inirror appl ica t ions .  ~
Aluminum (Al) and silver (A[:) arc t.llc most commonly used materials. Silver has the
lli[;l~cst rcflcxtanm  i]] tl]c visil)lc  and IIi re[:ions. Its usefulness has I)cc]] limitd  by poor
[!llviroll]llcllt.al  instabili ty. A l t h o u g h  A l  i s  more stahlc tl]an Ag,  it suffers froln  lower
reflectivity in t.hc visih]c.  Gold  (Au) coati]lgs  are very stah]c  c~~virol~]~~e]]tally  and have very
hig)l  reflectivity in the 11{. }tvaporatcd  Au coatings have  very low reflectance in the lJV-
visiblc region  of the spectrum in addition to ])oor adhcsio]i.

1 reproving the curability a]]d reducing optical scat. tcring arc major Colicmms  for spacw
and gpmund  bad ast ronomy. Scattering ])rollil)its the tdcsco]w’s  ability to rcsohw faint
])la]lcts  ]lcarby  m u c h  larger and bri~:}ltcr  s t a r s . ~Scattcri]]g  in Inctal  matd surfaces  i s
c a u s e d  b y  tllc surface  rou~hncss and o])tical figure of the ulicoatd  substratm and the
microstructure c)f the coati])gs. S u r f a c e  roughness  of the suhstratm  ca]] be ]nini]nizcd  by
usi]]~  a sin~lc crystal sul)strate such as silicon or super polishd  amcm])l]ous  ]natcrials  such
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as fused  silica
thin films. lon

I)ca]n  dc~josit.iol]  r)roccsscs  h a v e  bcwn used  to moclify  the c o l u m n a r  ~rc)wth  l)roccss  and ~
rduce t.l]c n]icroroughcm  Cjf thizi  films. [1 -6]

1 n an earlier publication we have show]]  that applying  ion beams to the deposition
lwocmscs c)f thin films have greatly influmcd  the microstructure of metal coati~lgs.  [2-6] 1 t
h~S bm) notd that high energy  (300  -b(XJCV) ion  bo)l~l)ar~l~l~~rlt  of ~~~~tal  ~Oatrilu-w i~lcr~as~s.
the lllicroro~lgl~l~c!ss. l)i this ~)a~)c!r wc discuss the influwlcc  of low oncrgy  (1 0-20 cV) ion
bonll)ardn]cmt  on the microroughnms  of Au a]ld  }’t coatings dcpositd  using sputtering, ancl
ion assistd sl)utftcring.

3. SAh41’l,lt  I’RNI’ARA’1’ION

approximatdy  100 nm thick;  wmw deposited in a GO cmC o a t i n g s , mx coatcr at I{arr ~
Associates. The coating systmn was cryogenically pumped to a working nwssurc of 2x] o-G I
‘1’orr. ‘1’})(! substrates wcm not heated  and l)ias voltage was not ap~)licd  to the substrate ~
holder. ‘J’hc d e p o s i t i o n  s y s t e m  w a s  ccluippcd  wit}] an NC]{ ion  source ,  a ‘7,5 cm dc ,
s])ut,t.wing  SOUNW and a resistance hcatd  cva~)oraticnl  source. llltra  high ))urity argon  was ~
usd in the ion source  at a ~)ressure of 2x1 (1-4 ‘J’orr. For sr)uttcring  the total pressure was. I
1 x 10-3 Tom. lloposition  rates and film thick~less  wore monitored using a crystal rate \
mol]itor as well as an optical mc)nit.or.

Gold and p l a t i n u m  f i l m s  w e r e  dc~)ositcd  u s i n g s p u t t e r i n g  a n d  i o n  assistmd
sputtcril~g.  lD the ion ass is ted  s~)ut.txril]g  case, coatings were bombarded with low mmgy
Ar ions from an ICC]{  source. ‘1’he supq)olis}lcd  fused silica suhstratm were ion precleaned
prior to coating.

‘1’hc lllicrc)roll~llllc!ss  o f
usill[:  the following tdlniqucs:

4 . 1 .  S p e c t r a ]  l{cflectallcc

Spect ra l  rdlectance of
s~)cct.ro~~}]otc)l]lc~tcr  with a reflmtance  at,tac]]  mcmt. ‘1’IIc mcasurcmcllt,  range was 500  to
2000” nm. A specia l  emphasis  has  hem {:ivcn to changes in the roflcctivity  near the
absorption edge.

c o a t e d  and Itncoat.cd  sul)stratjcs  have  hmn charactmizccl

the coated  subs t r a t e s  was  measured  using a c{ua] beam
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~ 4 , 2 .  A n g l e - R e s o l v e d  optical Scattcro]lictcr

Golc] ancl p l a t i n u m  coat[!c]  super j)olisl~c!d  f u s e d  s i l i c a sul)strates  have! h[!cn
~ (!xamined  u s i n g  an angle resolved  o p t i c a l  scattcwomdcr  (AliOS) at Sandia  Systenls. [6]

‘J’he AltC)S system uses a lle-Nc lasc!r (A= 632.8  n]n)  as a source. ‘1’l]c laser b(!am is focusd
mlto  the! dct[!ctor.  11 mm n~easurcmcwt  is clo~]c in the far field.  ‘J’llc scat. tcrc!d light intcmsity  !
is mcasurd in the plane of incidence using n ])}lotoll~llltli~llicr  tube. ‘J’hc spatial wavdcngth  ~
ran~c of tile system  determined by the systeln  geometry a~~cl the source wavd[!ngth  is 0.7 to ~
‘/2 lln]. 1 ktailec]  clescription  of t}lc systcm can be found elsewhere. [2-4]

‘J’he scattered light  d~aractmistics  of t.l)c surface can prcsentccl  as the hi-c] irc!ctiona]
reflectance distribution function (} HU)F)  or t}~e power spectral clc!nsity (1’S1 )). A value for
the I{MS roughnms  is obtained hy int.egratin~:  tllc 1’S1) curve.

4 . 3 .  Sca)lning  ‘J’un~lc!ling and Atomic  11’orce M i c r o s c o p y

‘J’}lc! scanning tunnc!ling  lnicrosco~)y  (fi’J’M)  ancl atolnic  force microsco~)y  (AVM) were”
used to examine the surface n~icroroL@ncss  of L~ncoatccl  and coated  sL~hstrates.  ‘J’ho S’1’M
tecl~niquc  profi]cs surfaces using a tjLlngstml  stylus which stays close to the surface and is
lnovc!d  ac ro s s  the surfacx!  while kee~)ing  tile t u n n e l i n g  curr(!nt cmnstant.  ‘J’herefore  the
sLlrface has to be condL~ctivc.  ‘J’hc AFM is simi]ar to the S’J’M except  the probe toL~chcs  the
surface  and the rc!pulsive  form! is lldd constant.

5, RI’; SIJI,’J’S

(hatings  of ALI and l’t hav[!  bec!n d[!))osited  to examine the cff(!cts  of  depos i t ion
~)roc.css parametrs  on the! microstructure of coatings. RcsLllts  for both ma te r i a l s  a r e
dis(!Llssc!d b(!]ow:

I

5.1. lJncoatecl  SL~bstratcs

‘J’hc n~icroroLlghness  of the L~ncoatd,  supc!rpolishc!d  fused silica substrates has been
examincxl  using an Al”M. Figure 1A is a micrograpll of the fused silica over an area of
2pInx2~lnl.  ‘J’hc! calculated I{MS roLlghncss is 2.4 ~. ‘1’he same sample has been examinecl
over a)l area of 1 Opnl XIOpnl. l{esultjs  are shown in Fig. 1 1!. ‘J’lle cdculatd  RMS l’OLl~}lll(?SS
is 2,0A which is vc!ry C]OSC to that of the! smal]ar  scan.

5 . 2 .  G o l d  C o a t i n g s

We have cxalllined
rough ncss of sLlpmpolishd

the eff[!cts  of ap~]lying  a thin metallic coating of Au on tho
fused silica, Figure 2 rcpresmts  two S’J’M micrographs  of Au
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coated  fused silica. V a l u e s  o f  the! RMS r o u g h n e s s  c a l c u l a t e d  f r o m  the S’1’M and
scattcromctm nleasurcmcmts are listccl  in ‘J’able 1,

‘J’able 1
Values  of RMS roughness for Au coatings calculate] from scatter

Sa mU& lmfr.mfida

S~}utt,erc!d  Au 14.4
Sputtered +IA1 ) Au {J.g
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Results clearly indicate a reduction in the roughness of sputtered Au coatings as
aresult of bonlbardm[!nt  with low energy ions.

‘1’he reflectivity of Au coatings has been  characterize]. Figur(!  3 illustrates the
rcflcctancc!  of sputtered and I Al l-sputterecl  Au coatings. It is concluded from l’ig. 3 that no
recl~lct.ion  in the! reflectivity of sputtc!red  Au “coatings as arc!sult of bombardment with low
energy  ions.

5.2. l’t, C o a t i n g s

‘J’he microroughness  of }’t coatings
polished fusc!d  silica have bc!en examin(!cl.
c o a t i n g s : The I{MS roughn[!ss  values for

cleposited  using sputtering and IAS onto super
Figure! 4 represents two STM  micrographs  of l’!

th(! 2X21!nl  and 10X 10ILn~  micrc)graphs  are 5.5A
and [). 1 A, respectively. Comparing lri~ures  2 and 4, it can be conducted that the ~rain size
of tl~(! l)t film is much smaller than tllc Au coating.

6. I) ISCIJSSI(IN

‘J’ht! surface roughness a~id microstructure of Au and l’t coatings depositec]  onto
su])c!r~)o]ished  fusecl  sil ica substrates using ion beam cleposition  proc{!sses have  been
examined. R e s u l t s  p r e s e n t e d  ahovc! indicate that ion bc!am d e p o s i t i o n  t e c h n i q u e s
(s,mttering  and 1A]) sputtering) introduce significant changes to the coating microstructure.
)n general, ion bombardment causes significant rc!cluction  in the surfac{!  microroughness
compared to thermally evaporat,  ecl coatirigs. Sputtered Au films have shown lower surface
microroughncss  than evaporate] and 1 Al ) coatings. }Iowever, increased bombardment with
higl~ en(!rgy  ions causes an incrc!ase  in optical scattering and related surface roughness. We
llavc dcmonstared that bombardemnt  with low energy ions fron an ICC]{ source does not
cause an icrcase in the. surface roughness of Au coatings.
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l’latinum  coatings clepositml  usi]~g  sputtering and ion assisted sputtering have lower ~
surface roughness as comparccl  with gold films. Unlike Au coatings, IAS I’t coatings clid not ~
show a significant increase in Illicrorc)tlgllll[!ss  ns a rc!su]t  of ion bombardment. (
‘J’hc difference in the way ion bombardment affected the microstructure of Au and l’t can be ;
explain cc] by referring to the zon[! models c)f Movchan  ancl 1 lemchishin [7] and Thornton [8]. ~
‘J’he mel t ing  tcmpcraturc of l’t i s  1772 compared  to  1064°C  for Au. ‘1’hc t rans i t ion  ~
temperature going from zone I to zone 11 occurs at about 0.36  ‘1’nl, where ‘l’n~ is the melting ~
t<c!lnpcraturc! (in Kelvin) of the metal, ]~’or ]’t ant] Au the va]uc!s of the t r a n s i t i o n
temperatures  are 4 4 3  a n d  195°C,  r(!spcctive]y. ‘J’he difference in the values of the.  !
transition temperatures indicate that low energy is needed  to cause significant changes in !
the microstructure of Au, while much higher  energy  will be ncccled  to cause similar changm ;

i in 1 ‘t.
I (

I
I 7 .  CONCI,LJSIONS .1

I

optical  scatteri~~g ancl microstructure of Au ancl }’t coatings clepositccl  using ion ~
~ bca]n prc)ccsses  h a v e !  been  examin(!d. Se\;eral characterization techniques have bec!n  ~
I cmployccl  to examine the effects of clepositiorl  process paramc!tms  on the microroughness  of ~

coatings. Results inclicate  that sputtered Au coatings bomhardecl  cluring  deposition with ~
~ low energy  ions do not exhibit an increase in optical scattering. Wc! have also demcmstrated  ~
~ that l’t coatings are smoother than Au coatings deposited under  the same conditions.
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